Abstract Although exposure to indoor tanning has been established as a clear risk factor for skin cancer, sunbeds are still commonly used in Europe. Understanding the determinants of sunbed use in Europe is key to plan educational interventions, behavioural strategies and legislative measures, which should be tailored to subgroups with different risk profiles. Evidences show that the typical sunbed users in Europe are young-adult women, with intermediate skin type, a current employment and a medium/high socio-economic status. Typical users display sun-seeking behaviours and other risky behaviours such as smoking. Indoor tanning seems more common in northern than southern Europe. However, sunbed use remains common in fair-skinned individuals and among adolescents/pre-adolescents. Commonly reported reasons for sunbed use in Europe include aesthetic motives (i.e. looking attractive), the pursue of a prevacation tan, the influence of peers/parents engaging in the same habit, and the treatment of health conditions. The most commonly reported places to get an artificial tan in Europe are tanning studios and beauty salons. However, sunbeds are also available in sport venues, such as swimming pools and gyms, hotels and private houses. All these factors should be taken into account when planning educational, behavioural and legislative interventions to reduce the popularity of artificial tanning in Europe.
Introduction
Sunbeds represent the most frequent source of ultraviolet (UV) radiation apart from the sun in developed countries. 1 Since the first commercial tanning centre in the USA opened in 1978, 2 the artificial tanning industry has exponentially grown worldwide 3 and it is now a multibillion-dollar-a-year business. 4 This is of great concern as in 2009 the World Health Organization classified indoor tanning as a first-group carcinogen, putting it in the same category as cigarette smoking and asbestos. 5 Over 3400 melanoma cases are attributable to sunbed use every year in Europe and the risk of melanoma is significantly increased for subjects ever exposed to sunbeds, particularly if exposure occurs before the age of 35. 5, 6 An increased risk of non-melanoma skin cancer in sunbed users has been established. 6, 7 Furthermore, artificial tanning can have other negative health effects, such as skin burns, ocular disorders, immunosuppression and premature skin ageing. 8, 9 The use of sunbed has been increasing everywhere over the last decades, including Europe. [10] [11] [12] [13] [14] A recent meta-analysis investigated the international prevalence of sunbed exposure and found that it was consistently higher in Northern/Western Europe than in the USA and Australia, both for adults and adolescents. In particular, it was estimated that ever exposure to sunbeds occurred in a considerable 42% of adults and 24% of adolescents in Northern/Western Europe. Worse even, the prevalence of recent exposure ('past year exposure') to sunbeds was 21% in adults and 36% in adolescents, suggesting that sunbed use remains fashionable among young people in Northern/ Western Europe.
Clearly, Europe is facing the pressing need to find strategies to prevent this risky behaviour. In order to achieve this, the determinants of sunbed use in Europe should be thoroughly understood, so that behavioural interventions and legislative measures could better target specific subgroups with different risk profiles. To this aim, we searched various databases (PubMed/MEDLINE, ISI Web of Science, EMBASE, and Cochrane Library) for any literature published in English up to April 2018 using the following keywords: 'sunbed(s)', 'tanning bed(s)', 'sunlamp(s)', 'tanning lamp(s)', 'solarium/a', 'indoor tanning', 'artificial tanning', 'tanning parlour(s)', 'tanning salon(s)' and 'tanning booth(s)'. Identified articles including reviews were cross-referenced for articles missed by the database search. Only studies conducted on European subjects were selected.
Here, we present an up-to-date overview of determinants of sunbed use in Europe. In particular, we focused on (i) the sociodemographic and lifestyle characteristics of the most frequent users; (ii) their motivations and the positive effects they experience following sunbed use; and (iii) the locations where they most commonly expose themselves to sunbeds.
Who uses sunbeds in Europe

Sex
Women have consistently been reported to be the most eager sunbed users in Europe. 8, [16] [17] [18] [19] Interestingly, most studies have reported that females are two to three times more likely to use indoor tanning than males. 11, [13] [14] [15] 17, Women have also been reported to do more sessions and to spend a longer cumulative time under the lamps. 17, 25 Furthermore, sunbed use has increased faster among women than among men over the last decades. 13 Internationally, the more prevalent use of sunbed by women is consistent across age groups. 15 Studies carried out on
Europeans have shown that, compared to men, women generally start using sunbeds at a younger age, 17, 26, 30, 43 and are more likely to carry on using artificial tanning in their midlife. Two studies on British adolescents reported a prevalence of sunbed use of 43% in one case 25 and 6% in the other. 31 Similarly, ever sunbed use among Italian adolescents was reported to be as high as 12% in one study 50 and 40% in another. 51 A German study showed that 18.5% of adolescents used sunbeds, especially females. 26 In Denmark, the prevalence of use is exceedingly high among adolescents. A study reported recent use of sunbed among 59% of female and 42% of male adolescents. 52 Another
Danish study showed that the proportion of recent sunbed users increased markedly with age during adolescence (13% among 12-14 years old; 43% among 15-18 years old). 53 A similar trend was reported in the UK, 25, 31 but not in Italy. 50 In Norway, sunbed use among adolescents increased significantly from 1980 to 2011. 13 Importantly, 1.4-3.5% of French teenagers reported ever-exposure to sunbeds in two studies from 2013, 36,39 even though France was the first country to ban artificial tanning devices for minors back in 1997. 54 Similarly, in a recent German investigation >5% of adolescents used sunbeds despite the nationwide ban, mostly at unsupervised locations, with half of them being unaware of the legal ban of sunbed use for minors. 55 Sunbed use was unfortunately also reported in pre-adolescents (8-11 years old), with a prevalence ranging from 2% in Denmark 53 to 7% in the UK; 56 30% of the latter suffered sore skin/ eyes after use, thus suggesting a particular susceptibility to sunbeds' side-effects in very young people.
Phenotype
Several European studies have suggested that sunbed use is more prevalent in persons with skin type III/IV than in those with paler skin 8, 14, 17, 23, 27, 38 and that dark-skinned individuals use sunbeds for a longer cumulative time. 17 Other authors have found that the most common skin types associated with sunbed use are II and III, 11, 22, 28, 30, 49 which is possibly explained by the fact that individuals with skin type IV believe they do not need an artificial tan, and that persons with skin type I see themselves as incapable to tan and perceive sunbeds as harmful or useless. However, pale-skinned individuals use sunbeds as well. Sunbed use has been reported in up to one-third of individuals with skin type I/II. 20, 28, 38 Moreover, other studies have shown that subjects at high risk for melanoma (skin type I/II, presence of freckles, red hair, fair eyes) were the most frequent sunbed users. 28, 42, 45, 46 Interestingly, although burns after a sunbed session are more common in paler skin types, individuals with skin type IV are not spared by burns due to sunbed use. 22, 49 Indeed, a recent meta-analysis showed that the risk of a sunbed-related melanoma is consistent across populations living at different latitudes, 6 thus possibly suggesting that this risk might be not entirely mediated by the phenotype.
Socio-economic factors
Several socio-economic factors have been associated with sunbed use:
• Household income -the percentage of people having used artificial tanning during their life increases with household income.
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• Employment -sunbed use is more common in employed than unemployed individuals. 27, 33, 38 Additionally, managers and self-employed individuals are more likely to use sunbeds than employed or non-active subjects.
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• Education -higher education levels have been associated with sunbed use, 14, 17, 26, 27, 30, 34, 45, 46 although other authors find found the opposite. 23 Interestingly, lower parental education has been associated with higher sunbed use among students.
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• Immigrant background -in a German study, immigrants
were significantly more likely to be sunbed users than nonimmigrants, a result likely due to different beauty ideals across different populations. 38 These findings suggest a positive trend towards sunbed use for adults with a higher socio-economic status in Europe. 42 Interestingly, an opposite trend has been observed in European teenagers: sunbed use is common in Danish girls with low parental socio-economic status 37 and in British minors from lower social strata. 31 Sun-seeking behaviours and skin cancer awareness Many European studies have clearly shown that the vast majority of indoor tanners are sun-seekers. Sunbed users have reported more frequently than non-users a number of sun-seeking behaviours such as intentional sun exposure, especially at peak hours; sun protection habits, including sunscreen and sunglasses but not protective clothes; nudism; outdoor hobbies; intensive lifetime sun exposure; and multiple sunburns during life. 22, 28, 41, 50, 57 These data suggest that sunbed users are likely to receive the highest possible cumulative dose of UV radiation during their lifetime. Interestingly, sunbed users often display better skin cancer awareness than non-users, as they know about melanoma, they are familiar with sunscreens, and they believe that the radiation generated by sunbeds is somewhat dangerous and can cause cancer. 14, 17, 28, 36 A survey carried out in eight European countries has proven that health literacy (defined as the capacity to get/ process/understand basic health information needed to make appropriate health decisions) is higher in sunbed users than in non-users. 34 It is well known that knowledge of skin cancer risk is necessary but not sufficient to influence people's behaviour regarding sun exposure 40, 58 and sunbed use. 34 However, awareness of the risk of skin cancer was associated with fewer and shorter sunbed sessions. 17 
Other lifestyle factors
Indoor tanning is more frequent in sporty than non-sporty individuals, 27 in smokers than in non-smokers, and in current than former smokers. This has been shown in European studies investigating both adults and adolescents. 19 Contrasting data are reported on the association between sunbed use and marital status. For example, an Italian survey showed that indoor tanning was more common among single than married individuals, 46 while a German study found the opposite. 38 
Sexual orientation
Recent American investigations found that gay and bisexual men engage significantly more in indoor tanning practices than straight men and display prevalence of use comparable to women. 62, 63 The opposite association was found for homosexual women. 64 Similar investigations are needed to determine whether sexual orientation represents a factor associated with indoor tanning also in Europe.
Geographical gradient
Studies analysing the geographical prevalence of indoor tanning have identified a north-south gradient, with sunbed use being higher in sun-deprived, northern countries than in southern nations.
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Why Europeans use sunbeds
Experiencing positive emotions has been largely described as a powerful drive for sunbed use in both adults and adolescents. In particular, aesthetic motives, such as looking attractive, perceived attractiveness, self-presentation, and the importance of being tanned all year long, have been reported as the principal factors inducing Europeans to use artificial tanning. 11, 14, 19, 23, 28, 38, 39, 65 Accordingly, several studies have shown that sunbed users claim improved appearance and self-confidence because of tanned skin; they also state to feel healthier and more relaxed after a sunbed session. 17, 20, 23, [25] [26] [27] 29, 38, 57 These feelings are more likely to be experienced by young women, 29 by far the most eager sunbed users. Interestingly, a psychological investigation suggested that a tanned skin from sunbed use might help young women to attain their ideal of beauty. 66 Undoubtedly, sexual attractiveness of young women is definitely a strong factor the tanning industry relies on for advertisements. 67 These appearance-related motives probably justify the commonly reported belief that it is worth a lot of effort to be tanned, even if the price to pay is getting burnt. 21, 28 Interestingly, a qualitative study carried out in the UK showed that sunbed users were more concerned about the possible ageing effects of artificial tanning than the risk of skin cancer. 68 A reason commonly reported by Europeans to justify sunbed use is the so-called 'prevacation tan'. Most users believe that artificial UV radiation use before sunny holidays is beneficial because it prepares the skin to sun exposure and avoid sunburn. 14, 20, 25, 28, 36, 38 Interestingly, the 'prevacation' justification was significantly more common among the fairest-skinned sunbed users and linearly decreased with darker skin types in a French study. 28 Consistent with this, a significant proportion of Italian students reported to believe that sunbed use is not as dangerous as sun exposure. 51 Another frequent reason for sunbed use, especially among adolescents and young adults, is the influence of peers and parents engaging frequently in the same behaviour. 23 A minority of sunbed users, especially young adults, have reported their tanning habit as addictive ('tanorexia'), both in European and American studies. 68, 72, 73 Putatively, this addiction relies on the intra-keratinocyte synthesis of proopiomelanocortin (POMC) induced by UV exposure. 74 POMC is a precursor to both melanocyte-stimulating hormone and betaendorphins, which justifies the feeling of relaxation/well-being experienced by sunbed users and potentially enhances addiction. Indeed, it has been suggested that addictive sunbed use should be regarded as a type of substance related disorder. 75 Furthermore, American studies on anxiety, depression and substance abuse among indoor tanners and sun-seekers have suggested that individuals engaging in compulsive tanning and sunbed use might possibly suffer psychiatric distress.
76-78
Where Europeans expose themselves to sunbeds
One of the characteristics of sunbed use is the diversity of locations that offer this service. The most commonly reported places to get an artificial tan in Europe are tanning studios and beauty salons. 14, 22, 36, 38 However, sunbeds are also available in sport venues, such as swimming pools and gyms, and hotels. 22, 32, 36, 38 Hospitals and medical facilities were also mentioned as locations by sunbed users in Europe, although it is not always possible to ascertain which kind of lamps they were exposed to. 14, 32, 36, 38 Sunbed use at home has been reported as not very common in continental Europe, 14, 36, 38 but much more prevalent in the UK, 24, 32 possibly reflecting divergent cultural/lifestyle settings and fewer opportunities for natural sun exposure. The availability of tanning devices in sport centres, hotels and -even more -in private houses is tricky, as their use in such contexts is likely to be completely uncontrolled. Indeed, sunbed use among adolescents/pre-adolescents has been reported to occur more frequently at someone's house. 31, 56 Nonetheless, Bataille et al. reported that tanning devices used at home were mostly small/medium-sized UV units, whereas devices used in beauty parlours/gyms were large, double-panel UV units. Putatively, the higher intensity of the devices used in tanning centres might be compensated by the supposedly longer exposure at home. This is confirmed by the fact that the authors did not find an effect of location and type of tanning device on melanoma risk in their case-control study. 24 Conversely, Bock et al.
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reported that although the frequency of sunbed use was comparable among users at tanning studios and other facilities, session duration was longer at tanning studios. Interestingly, Schneider et al. discussed the quality of advisory services in tanning studios in Germany and suggested an urgent need for improvement in this area. The majority of visitors of tanning studios (i) were not informed about the potential health risks of sunbed use; (ii) did not receive a specific tanning plan tailored to their skin type; and (iii) were not requested to give information about medication, skin-care products, or skin disorders by the advisory personnel. Moreover, although the majority of users were provided with goggles, only a minority wore them, as a large proportion of users were never advised to do so. 38 
Conclusions
Evidence of health risks connected with indoor tanning is now well established. [5] [6] [7] The challenge in Europe to reduce sunbed use appears difficult. While legislative actions in this regard are being taken worldwide, 9,54 criticisms have been raised about the sub-optimal regulatory measures adopted in Europe. 79 Indeed, several European countries still need to undertake strict legislative actions against sunbed use, which should ideally include: (i) restrictions for <18 years old individuals and for subjects at high risk for skin cancer; (ii) the ban of coin-operated, self-tanning devices; (iii) the mandatory presence of supervising staff trained by independent authorities and not by the tanning industry itself; (iv) the availability of individual tanning plans to avoid skin damage; (v) severe sanctions in response to non-compliance; and (vi) systematic registration of tanning equipment. Our overview indicates that typical sunbed users in Europe are young adult women, with intermediate skin type, a current employment and a medium/high socio-economic status. Furthermore, typical sunbed users display sun-seeking behaviours (such as intermittent sun exposure, sunny holidays, sunburn and sunscreen use) and other risky behaviours such as smoking. Sunbed use seems more common in sun-deprived, northern Europe, than in the south of the continent. Nonetheless, sunbed use remains alarmingly common in fair-skinned individuals, in southern countries and, worse even, among adolescents/preadolescents, who are putatively more vulnerable to the carcinogenic impact of indoor tanning.
All these factors should be taken into account in planning interventions to reduce the popularity of artificial tanning in Europe. Educational interventions have been recently shown to have a positive effect among adolescent. 29, 30, 35 Interventions targeting adolescents should always address both family-related and peer-related factors. 37, 56, 70, 71 For example, sunburn reduction through parental role modelling has been demonstrated in children in the USA. 80 Additionally, common misconceptions such as the usefulness of sunbeds as a prevacation tan or a treatment for acne are not medically sound and should urgently be corrected among the public. Similarly, sunbed use to increase vitamin D serum levels cannot be justified because of its carcinogenic risk. [5] [6] [7] Interestingly, while solar UV exposure has been associated with reduced overall mortality, artificial UV exposure has been associated with increased overall and cancer mortality. 81 European studies have shown that the main reasons for and benefits from sunbed use are based on the perception of improved appearance and well-being due to a tan. Interventions should address these issues. The public should be made aware that they could pay a higher long-term price in terms of skin cancer than the short-term cosmetic benefit of indoor tanning. Unfortunately, this simple knowledge might not be enough to change people's behaviour as most sunbed users probably understand the risk linked to sunbeds but still want a tan. 34, 40, 58, 82, 83 It has been suggested that dermatologists and general practitioners could be more effective than mass media in delivering messages about skin cancer prevention. 40 We therefore suggest involving them in future educational interventions. Behavioural interventions should focus on altering the perception of a tan as healthy/attractive and highlight the long-term negative cosmetic effects of sunbed use on the skin. To this aim, messages based on appearance and sun-safe habits of fairskinned celebrities (e.g. 'Celebrities who will make you want to wear sunscreen'), advertised on popular websites, [84] [85] [86] should be reinforced and widely exploited. Similarly, personal cancer experience of famous people could be used to raise public awareness about melanoma (e.g. former US Republican nominee John McCain, former top-10 tennis player Felix Mantilla, actor Clint Eastwood), [87] [88] [89] non-melanoma skin cancer (e.g. actors Hugh
Jackman, Diane Keaton, Melanie Griffith) [90] [91] [92] and other malignancies, such as breast cancer (e.g. actress Angelina Jolie). [93] [94] [95] Another behavioural strategy to increase risk perception and reduce indoor tanning could be the mandatory display of strong images of the detrimental effects of sunbed use (skin ageing and cancer) in tanning centres. 96 It has been demonstrated that relevant and vivid pictures on cigarette packages are significantly more effective in communicating health messages and have greater ability to stimulate cognitive processes than text-only messages. 97 Moreover, the impact of visual messages is consistent across diverse ethnic/socio-economic groups. 98 Finally, future population interventions should also address the potentially addictive qualities of indoor tanning. 68, 72 In conclusion, multiple factors are associated with indoor tanning in Europe. Therefore, multicomponent (educational, behavioural, legislative) interventions should be employed to reduce sunbed use among Europeans.
